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The application of plant biotechnology can help facilitate
sustainable food security in Africa. Appropriately trained
scientists are needed to apply these techniques. The
Biotechnology Education and Training Centre (BETCEN)
for Africa was established at ARC–Roodeplaat by
UNESCO during 1995. Since then 237 scientists from 27
countries have been trained. Training has primarily been
in the fields of plant tissue culture and molecular mark-
ers. The courses consist of both the theory of the tech-
niques and practical sessions.
Introduction
The application of biotechnology techniques in crop
improvement is of increasing importance for the African con-
tinent. The utilisation of modern plant biotechnology tech-
niques complemented by conventional plant breeding can
play a major role in ensuring food and health security in
Africa. Biotechnology therefore holds promise for many
small or marginal farmers in developing countries of Africa.
The utilisation of available agricultural technologies in Africa
is limited because adoption requires inputs such as chemi-
cal fertilisers and pesticides. Biotechnology may supplement
or provide alternatives to these inputs, hence increasing effi-
ciency and food productivity.
World wide the beneficial impact of plant biotechnology
has been exclusively on crops of high economic importance
such as maize, wheat, soybean, sunflower and potato. Other
species, important to developing countries of Africa such as
cassava, sweetpotato, millet and sorghum do not attract the
interest of multinational seed- and biotechnology companies
since they are not high-value commercial crops and their
contribution to the exchequer is limited. In order to employ
biotechnology in improvement of African crops, scientists
need to gain ‘hands-on’ experience to efficiently apply these
techniques to relevant crops. Specialised training through
formal education, fellowships, as well as postdoctoral stud-
ies in developed countries, will always be available to
African scientists, but only a limited number of scientists will
have this privilege. Specialised short courses and work-
shops on different aspects of plant biotechnology will result
in exposure of these techniques to the broader scientific
community in Africa. The United Nations Educational
Scientific and Cultural Organisation’s (UNESCO) biotech-
nology activities in South Africa were planned with this
objective in mind.
The UNESCO Biotechnology Action Council (BAC)
The Biotechnology Action Council (BAC) of UNESCO was
founded in 1990 to promote education and training in plant
molecular biology and biotechnology and aquatic biotechnol-
ogy in developing countries, under the chairmanship of Indra
K Vasil. The BAC is actively involved in providing manuals,
training courses and workshops, fellowships and professor-
ships. It has also established five regional Biotechnology
Education and Training Centres. These are situated in:
• Hungary (Eastern Europe and the Mediterranean)
• Palestine (Middle East)
• Mexico (Latin America and the Caribbean)
• China (China and Asia)
• South Africa (Africa).
Activities of UNESCO in southern Africa
Since 1995 the Regional Office of UNESCO, which was
based in Pretoria, South Africa, until 2002, has played a
prominent role in promoting science for development in
southern Africa. UNESCO has utilised the resources and
capacities of both government and non-governmental
organisations to ensure that the majority of the population of
the sub-region is made aware of the essential role of science
and technology in national development. The following activ-
ities are highlighted:
• UNESCO is prominent in the development of human
resources to build capacity in science, engineering and
technology through the establishment of UNESCO chairs
at historically disadvantaged institutions in South Africa 
• UNESCO established a Microbiological Resource Centre
(MIRCEN) at the University of the Free State which forms
part of the world-wide MIRCEN network 
• UNESCO was prominent in the South African celebration
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of the Year of Science and Technology in 1998 
• The World Science Report was presented in South Africa
by UNESCO’s Assistant Director-General for Science 
• The establishment of demonstration solar villages in five
countries of the sub-region to promote the utilisation of
renewable energy technologies 
• The establishment of the UNESCO/BAC Biotechnology
Education and Training Centre (BETCEN) in 1995, the
inauguration in 1996 and the subsequent support to
develop this into the biggest science programme of
UNESCO in the SADC sub-region.
Activities of the BETCEN for Africa
The ARC–Roodeplaat Vegetable and Ornamental Plant
Institute has been involved in tissue culture training since
1976. Between 1976 and 1994, general tissue culture cours-
es were presented for South African scientists and entrepre-
neurs. In September 1994, the ‘All Africa Tissue Culture
Workshop’ was held at ARC–Roodeplaat, partially funded by
the BAC, National Research Foundation (NRF) and smaller
sponsors. Scientists from Africa and Europe participated in
this workshop. As a result of this successful workshop, the
Biotechnology Division of ARC–Roodeplaat was requested
to establish an UNESCO/BAC Biotechnology Education and
Training Centre (BETCEN) for Africa. 
From September 1994 to August 2003, 24 courses were
presented by the BETCEN for Africa in which 237 scientists
from 27 countries participated. Figure 1 shows the number
of participants from each African country that have been
trained. Figure 2 shows the number of participants attending
the various types of courses presented and a brief descrip-
tion of these courses follows. The one professorship indicat-
ed in figure 2 is not included in the total of scientists trained.
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Figure 1: The number of participants from each African country (darker shading) that have attended courses at the UNESCO/BAC BETCEN
for Africa. There was also one participant from Poland and one from Bahrain
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Six basic tissue culture courses have been presented by
ARC–Roodeplaat since September 1994, training a total of
56 scientists. The duration of this course is one week. The
focus of this training is to provide participants with the fun-
damental principles of, and basic techniques in, plant tissue
culture. The faculty strives to provide a good balance
between theoretical aspects and practical training. Aseptic
techniques are emphasised, and training is provided in
media preparation, micropropagation, long term in vitro stor-
age, virus elimination techniques for vegetatively propagat-
ed crops, acclimatisation and the management of a com-
mercial micropropagation facility. Figure 3 shows plant tis-
sue culture techniques being practiced in laminar air flow
cabinets during a practical session of a tissue culture
course. Figure 4 shows participants being briefed before a
practical session.
Four advanced tissue culture courses have been present-
ed, providing training for 53 participants. These courses are
presented over a two-week period and include the topics
covered in the basic courses. Additional topics such as
transformation (Agrobacterium-mediated and biolistic),
somatic embryogenesis and single cell cultures are also
covered in the advanced courses. Figure 5 shows trainees
preparing to use an electron microscope at the Plant
Protection Research Institute of the Agricultural Research
Council at Roodeplaat.
Six molecular marker courses have been presented, train-
ing 37 participants in various aspects of molecular marker
technology. The duration of the courses is between one and
two weeks. The course topics include DNA isolation, gel
electrophoresis, PCR, RAPD and RFLP analysis, southern
blotting and practical sessions covering these topics.
Sixteen fellowships have been hosted at
ARC–Roodeplaat. Fellowship candidates are attached to
the BETCEN for training periods of two to four months. The
research topics are chosen to link into one of the existing
research activities of the Biotechnology Division. Projects
that have included gene isolation, characterisation and
cloning have been included in the fellowships. It is to the
benefit of the candidate if the research can also be applied
in their own institute on their return. The advantage of the
extended training period of the fellowship is that the scientist
has the opportunity to spend time mastering techniques and
to interact with scientists who routinely use the techniques.
Visits to other research institutions can be made allowing the
trainees to broaden their knowledge and network base.
Four international training courses in plant biotechnology
have been presented. These events have provided training
for 71 scientists from all over Africa. The courses covered
topics in plant tissue culture, transformation technology and
molecular marker techniques. The lecturing faculty for the
courses has come from Sweden, USA, Hungary,
Switzerland, Croatia, Nigeria, Kenya, Cameroon, Gabon,
Ghana, Senegal and South Africa. The practical sessions
were organised by the BETCEN faculty of ARC–Roodeplaat.
Training is also provided on an ad hoc basis at the request
of research institutions. Four of these special courses have
been organised for individual training of scientists from
Africa. A 10-week professorship at the BETCEN has also
been awarded to an eminent scientist from Sweden. Other
biotechnological training, which has not been under the aus-
pices of the BETCEN, has also been conducted at
ARC–Roodeplaat. 
Discussion and Conclusions
Many successful courses have been hosted at
ARC–Roodeplaat since 1995. The content of the courses
have been a blend of theory and practical work allowing the
participant the opportunity to understand the principles of the
technique as well as practicing the techniques under the
supervision of an experienced scientist. However, the suc-
cess of the BAC programme should be measured in terms
of the extent of the application of the techniques in the home
countries of the participants. There are many constraints for
scientific research in Africa. Many of these stem from the
lack of financial resources, resulting in inadequate research
facilities and resources. Lack of research leadership and
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Figure 2: The number of participants that have attended the courses and fellowships at the BETCEN from Africa
adequate numbers of research personnel are also factors
that have a negative influence on research. Governments,
universities and research institutions which have benefited
from this training programme need to play their part in cre-
ating a research environment in which these techniques can
be applied.
Another important outcome of the training has been that
scientists have been able to meet and network with other
scientists from Africa. This may also help in creating a ‘virtu-
al critical mass’ where the participant comes from an envi-
ronment where little support is available. The staff at the
BETCEN are always available to assist past participants
with queries.
Much experience has been gained by the teaching faculty
at the BETCEN. However, for the training momentum to be
sustainable adequate funding needs to be made available.
As the funding from UNESCO diminishes it will be important
that organisations who are involved in biotechnology
research support the BETCEN. It is a valuable resource that
can continue to play an important roll in helping African sci-
entists realise their potential and allow the benefits of
biotechnology to be reaped by Africa.
Figure 3: Plant tissue culture techniques being practiced in the lam-
inar air flow cabinets during a practical session of a tissue culture
course. A stereo microscope is being used during the excision of
plant meristems
Figure 4: Participants being briefed before transferring in vitro
plants to soil during the ‘hardening off’ practical session
Figure 5: Trainees being shown how to prepare samples before
using the electron microscope at the Plant Protection Research
Institute of the Agricultural Research Council at Roodeplaat
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